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flux, including both the infrared and To overcome this difficulty, we have
ultraviolet, is focused onto the smaller developed an approach which combines a
secondary mirror. This increased flux modification to the design of the primary
creates thermal problems and enhances thenirror with advances in thin film, dielectric,
potential for the polymerization of hydro-  multilayer filters to develop a self-filtering
carbons on the mirror surface, which can Cassegrain telescope which eliminates the
result in a catastrophic loss of reflectivity. requirement for a full aperture prefilter. In
To solve this problem a full aperture this concept the transmission coatings
prefilter with a bandpass defined by a which were previously applied to the
simple metdl dielectric coating can reduce prefilter are converted to reflective
the thermal load on the telescope. This coatingg and applied directly to the front
concept has been successfully employed osurfaces of the primary and secondary
the MSFC vector magnetograph for the pastirrors. The solar radiation incident on the
25 years. A disadvantage of the approach igrimary is either reflected, if it is within the
that it limits the spectral bands that can be passband of the filters, or transmitted
investigated to the visible and in particular through the body of the mirror. Our
excludes the far UV. modification is to figure the rear surface of
the primary mirror and provide it with an all
In the Gregorian design the secondary purpose reflective coating, such as silver,
mirror is mounted outside the focus of the which has high reflectivity in the IR. In the
primary. This allows a field stop to be ideal case, the curvature of this rear surface
Measurements of the Sun’s vector magnetiplaced at the primary focus which can be is such that the incident rays, following
field carried out at MSFC have demon- used to limit the total energy striking the  refraction in the glass, strike the surface
strated that observations with better spatialsecondary mirror. Typically, the stop normally and are reflected back along their
and temporal resolution, and over a wider reduces the field of view to about 2 arc original path and out of the telescope. This
spectral range, than can be achieved with min? which results in less than half a condition is met for parabolic surfaces when
ground-based telescopes, are required to percent of the Sun’s total flux from reachingthe radius of curvature of the rear surface is
meet our scientific objectives. Since the secondary. Because the incident beam &qual to the product of the refractive index
ground-based telescopes are limited by thenot filtered, the Gregorian design provides and the radius of curvature of the front
variability of the Earth’s atmosphere, we areaccess to the full solar spectrum and has surface (fig. 167). In practice the refractive
investigating concepts for moderate to largeapplications where the emphasis is on ultraindex is a function of wavelength and many
aperture (30- to 60-cm diameter), diffrac- high spatial resolution over a restricted fieldof the reflected rays will have slight
tion limited, spaced-based solar telescopesof view. The disadvantages of the Gregorianlepartures from the normal. Therefore, the
for operation in the visible and ultraviolet design is that the total length is approxi-  figure of the back surface is designed to
regions of the spectrum. Solar telescopes mately 30 percent longer than a Cassegrairsatisfy this condition in the IR so that rays
have unique thermal problems for they act with the same f-number and it has a larger at all shorter wavelengths will exit the
as solar furnaces, focusing large amounts afentral obscuration. primary mirror at angles that are outside the
energy onto the post primary optics. Past incident ray and consequently will not strike
and future telescope concepts are usually The scientific focus of the MSFC group is the secondary mirror. Two applications for
based on either Cassegrain or Gregorian the study of how the Sun’s magnetic field this technology are under consideration.
designs. In the Cassegrain, the secondary changes with time and how these changes The first is for a space magnetograph to
mirror is located inside the focal plane of lead to the explosive release of energy in obtain improved measurements of the
the primary mirror, and the main advantagesolar flares. To satisfy these objectives the vector fields in the photosphere. The
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for space applications is its compactness. Imagnetic field observations have to be
addition, the secondary mirror provides lessnade over relatively large fields of view.

central obscuration than the Gregorian

Consequently, a Cassegrain with a full

design resulting in an improved modulationaperture prefilter has been our preferred

magnetically sensitive, spectral lines of
interest are in the visible at 525.0 nm and
630.2 nm and the performance of a multiple
bandpass filter, which also includes the H

transfer function (MTF) at angular design. However, as the diameter of the line at 656.3 nm is shown in figure 168 (b).
frequencies just above the diffraction limit. primary aperture increases the fabrication The design which was prepared for Solar-B,
The disadvantage of the standard and support of a distortion free, full aperturea joint ISAS/NASA mission to measure
Cassegrain design is that there is no prefilter becomes increasingly difficult if ~ solar magnetic fields, consists of an
location for a field stop in the primary not impossible. f-4 telescope system with a 0.5- to 0.6-m
optical path. Consequently, the full solar aperture primary mirror. The physical
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Ficure 167.—Schematic of the self-filtering mirror concept.
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Ficure 168.—(a) The solar spectrum (b) the passhands of the photospheric vector
magnetograph (c) the passhands of the UV magnetograph.

Research Programs

envelope for the telescope provided by the
spacecraft is extremely limited and the self-
filtering Cassegrain design provides an
elegant solution for this case.

The second application is for a vector
magnetograph operating in the far-
ultraviolet region of the spectrum. Lines in
this region of the spectrum are formed at
higher temperatures than the photospheric
lines, observed in the visible, which in turn
corresponds to greater heights in the solar
atmosphere. By comparing the UV and
visible measurements, an understanding of
how the structure of the magnetic field
varies with height can be gained. Such
information is important because we believe
that a significant part of the Sun’s dynamic
behavior originates in this upper chromo-
sphere-low coronal region. The ultraviolet
magnetograph that we are proposing for a
suborbital flight opportunity will use the
spectral lines of Mg Il at 280 nm and CIV at
150 nm. These magnetically sensitive lines
are formed in the upper chromosphere and
low corona respectively and the measure-
ment of their polarization will provide the
first opportunity to observe solar vector
magnetic fields in a region where the field
lines are unconstrained by the solar
atmosphere.

A preliminary design of this telescope has
an f-10 system with a 0.3-m diameter
primary. To obtain the bandpass perfor-
mance shown in figure168 (c), a customized
dielectric coating consisting of alternating
layers of lanthanum fluoride and magne-
sium fluoride has been designed.

In both these applications practical reasons
impose strict limits on the size of the
instrument, a condition which is generally
true for all space-based solar telescopes. For
these situations, where high spatial
resolution over wide field of view is also
required, the self-filtering Cassegrain
concept offers an elegant design solution.

1Brueckner, G.E.: “A New Completely
Digitized Filter Magnetograph”. IAV
Symposium no. 43, Reidel: New York, p.
84, 1971.
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